Drowning still remains one of the most difficult diagnoses in forensic pathology because macroscopic and microscopic autopsy findings are unspecific. An ideal diagnostic marker for drowning still needs to be developed, but some authors have recently studied SP-A as a marker of asphyxiation and drowning. The aim of this study is to compare the histopathological features and the SP-A immunohistochemical expression in lung tissue in the case of drowning with those determined by other causes to discriminate between cadaver submersion and drowning.
Introduction
Many cadavers are extracted from water or found near water, but not all of them have drowned [1] . Drowning still remains one of the most difficult diagnoses in forensic pathology because macroscopic and microscopic autopsy findings are unspecific [2] .
Histology and immunohistochemistry are important tools for the forensic study of pulmonary tissue. In some cases, like asphyxia and drowning, they are often the only tools to give a diagnostic indication. An ideal diagnostic marker for drowning still needs to be developed, but some authors have recently studied SP-A as the marker of asphyxiation, drowning and respiratory distress syndrome concluding that SP-A is not fully specific for drowning but is a good marker of alveolar injury [3] - [8] . However, experimental studies have shown an in-crease of SP-A expression in asphyxia, suggesting its use as a marker [9] . SP-A is the most abundant surfactant protein produced by alveolar type II cells; its function is to minimize surface tension in the alveolar space, so a type II cells damage causes an alveolar collapse [10] .
The aim of this study is to compare the histopathological features and the SP-A expression in lung tissue in the case of drowning with those determined by other causes, like traumas, gunshots and cardiovascular disease. This is with the purpose to deal with the difficult problem of discriminate between cadaver submersion and drowning.
Materials and Methods
We studied 72 cadavers selected from medico-legal autopsies performed in the Institute of Legal Medicine of the University of Rome "Tor Vergata" from the August of 2013 to the October of 2015, with the approval of the Ethics Committee of the Institute of Legal Medicine of the same University.
Cases were classified into two groups: drowning (n = 21) and other causes (n = 51) including multiple trauma (n = 11), gunshot (n = 6) and cardiovascular disease (n = 34). During each autopsy, lung tissue was collected from each lobe of both lungs. Specimens were fixed in 10% phosphate-buffered formalin and embedded in paraffin. Serial sections of 4 µm were prepared for the hematoxylin-eosin (HE) and immunohistochemistry. Our conventional HE staining procedure includes dewaxing, staining and clearing of sections.
Sections for immunohistochemistry were attached on to special electrostatically treated slides, and then they were dewaxed, pretreated with antigen retrieval and incubated with primary antibody. Anti-human SP-A mouse monoclonal antibody PE-10 (Dako Japan, Kyoto) was used at 100-fold dilution with a 30-min incubation at room temperature using a universal streptavidin/biotin immunoperoxidase detection system (OmniTags Kit) and DAB (Shandon/Lipshaw/Immunon, Pittsburgh, PA), subsequently the slides were counterstained with hematoxylin. Finally, the sections were mounted in Canada balm. Staining specificity was checked using negative control slides omitting the primary antibody. A negative control study was made using tissue specimen other than lungs.
Histological findings like congestion, alveolar macrophages, intra-alveolar and interstitial edema, emphysema and hemorrhages have been evaluated in the HE stained sections and classified into three groups: mild (+), moderate (++) and severe (+++).
It was evaluated the SP-A immunostaining with an a linear alveolar surface pattern and with an intra-alveolar granular pattern. The SP-A reactivity was classified into three groups: negative (−), positive (+) and strongly positive (S).
Results
The confrontation between different groups was made using the chi-square test: the significance was assumed for p < 0.05. Sections stained with HE showed congestion, intra-alveolar and interstitial edema in all cases of both groups and were no significant differences in the degree of severity (p > 0.05). In the drowning group emphysema and hemorrhages were more common than those in the control group 85.7% (18/21) and 90.4% (19/21) respectively. Conversely, alveolar macrophages showed a smaller presence than in control group. SP-A immunohistochemistry: the linear pattern of staining was positive (+) only in a small percentage of the drowning group 14.2% (3/21) but it was totally negative in the control group. The granular pattern of SP-A immunostaining was strongly positive (S) in the 85.7% (p < 0.001) of the drowning group (18/21) (Figure 1 and Figure 2 ) while it was positive (+) in the 11.7% of the control group (6/51).
Discussion
The study of macroscopic and microscopic alterations of cadavers in drowning death is of great importance, but often it is not enough to establish with certainty the cause of death. Immunohistochemistry is a useful tool to provide more information, and sometimes it can be crucial. Since the primary target organ for submersion injury is the lung, many authors have studied immunohistochemical expression of markers on lung tissue. For example, CD68 positive alveolar macrophages rather than increasing, as observed in other violent mechanical asphyxia [11] , showed a smaller number in drowned victims compared to other causes of death [12] , probably caused by a washing effect of water. This was later confirmed by an Italian study about alveolar macrophages in asphyxia [13] and by our observations. The pathophysiology of drowning includes also disruption and injury of surfactant by massive water inflow [14] . For this reason, many authors investigated the pulmonary surfactant in drowning death [3] - [9] . Lung surfactant is composed by several apoprotein species synthesized by the alveolar type II epithelial cells to reduce the surface tension of the alveolar border [15] . The lipoprotein complex of surfactant is composed by four surfactant proteins (SP) designated SP-A, SP-B, SP-C and SP-D [16] . Experimental studies have showed that pulmonary SP-A increased in hypoxic conditions, suggesting a possible role in the pathophysiology of asphyxiation [17] . In physiologic conditions alveolar distribution of SP-A is restricted to alveolar type II cells and to the inner alveolar surface [18] . According to Zhu et al. [3] , there are two different patterns of SP-A immunohistochemical expression: a linear and a granular pattern of staining.
Conclusions
Our study suggests that alveolar granular distribution of SP-A immunostaining could be of help to clarify the cause of death. Moreover, our study confirms that massive and intense granular SP-A patterns in alveolar space could be associated with drowning, while it is not clear if its expression could help in other fatal asphyxiations.
Although more cases and markers must be studied to reach more reliable conclusions, the SP-A immunostaining could be a reference indicator to distinguish drowning from other causes of death when a body is found on the shore or in the water.
